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ABSTRACT 
This is a videotape concerning the theory, procedure, and 
applications of the electroretinogram (ERG). The various cells of the 
retina are identified and their activities are shown on the ERG 
waveform. The instrumentation and electrodes necessary to perform 
an ERG are disp 1 ayed along with their functions. Preparing the 
patient for the ERG is presented as well as proper placement of the 
reference, ground and Burian-All en electrode. The light adapted and 
dark adapted ERG procedures are shown with the corresponding ERG 
responses. A discussion of the application of the ERG follows. 
Interpretation af various pathologic ERG waveforms is discussed. 
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What exactly is the electroretinogram? The ERG is not new 
techno logy. It was discovered over 1 00 years ago. However, 
technology has brought us more sop hi sti cated electronic recording 
equipment, and therefore we are now able to measure much finer 
components of the ERG waveform than was formerly possible. We 
now know how specific retinal diseases alter the ERG waveform 
components in different ways. By analyzing the ERG's components, 
we can tell much about a person's retinal functioning. The ERG is 
useful for verifying a night vision loss in a person with possible 
retinitis pigmentosa. It can also be used for diagnosing other 
diseases, and for i denti fyi ng a healthy retina. 
The ERG is a complex electrical recording of the retina in 
response to a flash of light. This response is different depending 
whether the flash is dim or bright, long or short, blue or red, the 
light adaptivity of the retina, and where the flash is delivered to the 
retina. There are two major advantages for using the ERG: 1) it 
objectively measures vi sua 1 function, and 2) it separates retina 1 
activity from other aspects of vision. In order to understand the 
electroretinogram, or ERG, we must first review the components of 
the retina. 
The retina is composed of many different types of cells. Rods 
and cones, bipolar cells, horizontal cells, amacrine cells, ganglion 
cells, and Muller cells-- which fill in the spaces in between. The 
rods and the cones are the major contributors to the generated and 
recorded ERG. Other cells such as the bipolar cells and the Muller 
cells also have significance. The ganglion cells, horizontal cells and 
amacrine cells have little or no contribution to the generated and 
recorded ERG. 
First, let us look at the rods and their relationship to the 
retina as a whole. Rods are excluded from the cone rich fovea, and 
increase in density to a maximum density fifteen degrees into the 
periphery . From there, there is a slow decrease in number into the 
periphery. 
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The rod system i s more sensitive to dim lights but slower to 
dark adapt. Rods can follow only a slow flickering light of less than 
1 0 Hz, because they are s 1 ower to respond than cones . Rods can on 1 y 
give us a coarse visual acuity of about 20/200. Rods do not give us 
color vision. However, despite all this, it is important to remember 
that rods are more numerous in the retina than are cones. In fact, 
rods outnumber cones about 20 to 1 . 
Cones on the other hand, have their greatest density in the 
fovea and decrease in number until fifteen degrees away from the 
fovea whereafter there is a constant number out to the periphery. 
However, there are more cones outside the fovea than in the fovea. 
Cones are more sensitive to bright lights and can follow a fast 
f1 i ckeri ng 1 i ght of greater than 1 0 Hz up to about 90 Hz. Cones dark-
adapt fast. They give us our fine visual acuity of 20/20 or better 
and are responsible for our color vision. An ERG does not test the 
fovea. This is very important to remember. The ERG instead sums 
the response of the entire retina, of which the fovea is only a small 
part. 
To understand the concept of the ERG, simply think of it as a 
net, intraocular movement of positive charge either toward or away 
from the cornea. Bruch's membrane causes e 1 ectri cal resistance 
which is more than the small amount of resistance from the 
vitreous, crystalline lens, aqueous, and cornea. Therefore, an 
electrode placed on the cornea wi 11 register the el ectri ca 1 activity 
of the retina. This activity is why the corneal electrode is called 
the "active" electrode . The active electrode's el ectri ca 1 potential is 
then compared a "reference" electrode placed on the person's skin. 
We use an isolation ampl i fier and an oscilloscope to amplify and 
display the electrical waveform which results. 
This is how a recorded ERG looks. The components of the ERG 
are: the Early Receptor Potentials (also called the ERP), the a-
wave, the b-wave, the c-wave, and the d-wave. 
The first waves generated after light stimulation are the Early 
Receptor Potentials. They appear before the a-wave and are very 
small. The ERP have two parts, and they represent an uncoupling of 
the photopigment molecules in response to light. For an ERP to be 
detected, the light flash must be very bright. It is largely a cone 
response. The Early Receptor Potentials are the only part of the ERG 
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which is directly proportional to the number of quanta absorbed. 
Other parts of the ERG are proportional to the l.Q.g, of the number of 
quanta absorbed. Early Receptor Potentials are very resistant to 
damage, however if the photoreceptor pigment is damaged, there 
wi11 be no ERP. 
The a-wave is generated by the rods and/or cones 
hyperpolarizing to a flash of light. The a-wave is measured from the 
base line to the point of most negativity. A decreased or delayed a-
wave indicates a problem in the outer retina where the 
photoreceptors are. Such a disorder is reti ni tis pigmentosa. 
The b-wave is generated by the bipolar and/or Muller cells and 
has a positive vo 1 tage. It is measured from the point of most 
negativity to the peak of the most positivity. The b-wave is the 
major component affected by inner retinal disorders such as 
vascular disease. For example, if the b-wave is abnormal, but the a-
wave is normal, an inner retina 1 disorder is indicated. Inner retina 1 
disorders include vascular diseases such as central retinal artery 
occlusions. 
Small wavelets on the b-wave's ascending slope are thought to 
be from the bipolar and amacrine cells. They are called the 
oscillatory potentials. These wavelets seem to decrease in the 
early stages of diabetic retinopathy. 
The c-wave is from the pigment epithelial ce11s. It cannot be 
recorded consistently enough clinically to be of importance in 
diagnosing disease. The reason the c-wave is so hard to record is 
because the patient tends to b 1 ink or move after the stimulus flash. 
The blink usually shows up on the ERG waveform somewhere at the 
last half of the b-wave, and therefore covers up the c-wave 
completely. If the pigment epithelium must be assessed, it is better 
to use a different test called the EOG (or electro-oculogram) rather 
than the ERG. 
The d-wave is from a combination of many cells. It is not a 
very important part of the ERG and is usually hidden by the blink 
also. 
There is a difference between the physical recording of the 
cone and the rod ERGs. Depending on the retinal adaptation, the same 
intensity flash of light will produce different looking ERGs. The dot 
by each waveform represents the initiation of the flash. The 
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photopic ERG, generated by the cones, has a shorter overall duration 
and a shorter amplitude of the a- and b- waves. Why? First of all, 
remember that there are fewer cones in the retina than rods, so 
therefore the amp 1 i tude of the response will be smaller. Also, the 
cones are less sensitive than the rods, again making the amplitude 
of the response smaller. Since the cones are faster than the rods, 
the latency of the recorded response for the cones will be shorter. 
The scotopic ERG, generated by the rods, has a longer overall 
duration and a 1 arger amplitude of response. 
The instrumentation necessary to perform the ERG is 
expensive. Therefore, most optometrists send their ERG patients to 
a large facility such as a hospital or university for the procedure. 
To perform the ERG, you will need: 
1) An oscilloscope. The oscilloscope should have external 
trigger mode, dual beam display and storage capability. To 
make a more permanent photograph may then be placed in the 
patient's file for future reference. 
2) A ganzfeld is also needed. A ganzfeld is simply an 
integrating sphere which provides uniform retinal 
i 11 uminati on. The f1 ash of 1 ight is presented to the patient in 
the ganzfeld. 
3) A photostimulator is also needed. We are using the 
GrassTM PS-2 Photostimulator with a flash rate and 
brightness control. This instrument allows presentation of 
either dim or bright flashes or a series of flashes at a 
selected rate. 
4) A preamplifier such as the Gould Universal Isolation 
Amplifier is also required. This amplifies the signal so it 
registers on the osci 11 oscope screen. This has an isolation 
feature to protect the patient against electrical shock. 
5) Electrodes are also needed: 
We will be using two earclip electrodes. --One acts as a 
reference and the other as a ground . 
The contact lens electrode acts as the active electrode. There are 
different types of contact lens electrodes. 
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The Burian - Allen electrode is a corneal electrode which 
has a speculum to keep the eyelids open and a plastic imbedded 
silver ring which rests on the cornea of the eye. 
The Jet electrode is smaller and much less expensive, 
however it has a tendency to fall off the patient's eye easier since it 
does not have the 1 id speculum. The advantage of the Jet electrode 
is that it is cheaper, and therefore a new electrode can be used for 
each patient. 
The cheapest type of electrode, not shown, is a thin metal wire 
ca 11 ed a Dawson fiber. It is inserted into the lower cul-de-sac of 
the eye. 
We wi 11 be using the Buri an-A 11 en e 1 ectrode. 
Before doing the ERG procedure, the patient should be told 
what to expect. Reassure the patient that they will not feel any 
e 1 ectri ca 1 stimulation from the procedure. The purpose of the 
electrodes is merely to record the electrical activity of the retina 
in the eye. 
Proper patient preparation is essential since anaesthetics, a 
contact lens, and electrode leads will be used on the patient. A brief 
history is taken with special emphasis to reactions to topical 
anaesthetics and di 1 ati ons. 
Record the patient's visual acuities both corrected and 
uncorrected. 
Insert flourescein and examine the patient's corneal integrity 
with the slit lamp. The cornea should be healthy and free of injury. 
Record the anterior angle and lOP. 
Dilate the patient's pupils with an appropriate mydriatic. 
Wash your hands before handling the ERG electrode. As always 
when working with patients, cleanliness is very important. Also, it 
is difficult to disinfect the electrode, so care must be taken not to 
contaminate it. 
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Clean the ERG electrode with water and contact lens wetting 
solution. Do not use a full blast of water, since the electrode is 
very de 1 icate. Instead, gently place the electrode under slowly 
running water to rinse it off. 
Once your equipment is ready, you are ready to prepare the 
patient. If the patient is wearing earrings, ask the person to remove 
them. Rinse each ear lobe with alcohol to clean off any natural oils 
of the skin. Rub each ear lobe firmly . Next apply omni-prep and rub 
it in to further prepare the earlobes. Any oils left on the skin will 
result in a poor e 1 ectrica 1 connection. 
Next, fi 11 the two e 1 ectrode clips with electrode paste. This 
paste is used any time electrodes are placed on the skin, to improve 
the electrical connection, and results in a better ERG signal. Plenty 
of electrode paste should be used, so it completely fills the 
electrodes. When the electrodes are filled with paste, clip them 
firmly to the patient's earlobes. One will act as the reference 
electrode and the other will act as a ground electrode. 
Check the contact with an lmpedence meter to be sure they are 
low enough. The number should be less than five. This indicates a 
good e 1 ectri cal connection. Next, wash your hands again to remove 
a 11 e 1 ectrode paste . 
The third e 1 ectrode is the e 1 ectrode that goes on the patient's 
eye. Since the electrode tends to be a bit uncomfortable, an 
anaesthetic is used. We will be using 0.5 ro proparicai ne as our 
anaesthetic. One or two drops per eye are usually sufficient. 
While waiting for the anaesthetic to take effect, coat the 
Burian- All en electrode with wetting sol uti on. The wetting sol uti on 
contains a substance such as methylcellulose, which increases 
patient comfort and provides a lubricating cushion for the electrode 
to float on. 
The Burian - Allen electrode is a scleral lens, which means it 
will extend under the lids and hold them open. When the eye is 
properly anaesthetized, instruct the patient to look down. With the 
index finger of one hand, hold the upper eyelid so the patient cannot 
blink. The upper flange of the electrode should always be inserted 
first. Next tell the patient to look straight ahead. 
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When inserting the lower flange of the scleral lens, it is 
usually easier to insert the temporal side before the nasal side. Be 
sure no eyelashes get caught underneath the lens. Since the eye is 
anaesthetized, the electrode is not as uncomfortable as it appears. 
It's always a good idea to tape the electrode lead to the 
patient's cheek, so the electrode won't accidentally be pulled out of 
the patient's eye. Be considerate of facial hair the patient may have. 
We are using mkropore surgical tape. 
Your patient is now ready for you to begin recording his ERG. 
Have him carefully place his chin on the chin rest of the ganzfeld. 
Adjust the seat so he is comfortab 1 e. Warn him not to talk or sneeze 
into the ganzfeld, because it is expensive and must not get dirty in 
any way. 
The three electrode leads (ground, reference, and contact lens) 
go to their respective sockets on the amplifier. If the reference and 
contact lens are reversed, an upside-down ERG will result. 
Instruct the patient to relax, and show him what to expect by 
triggering a low intensity flash. Explain that wrinkling the brow, 
moving, jaw tightening, and blinking during the flash will interfere 
with the reading. Ask the patient to try not to blink when the light 
f1 ashes. 
When performing the ERG, it is best to use a standard sequence. 
Carr & Siegal have two possible protocols in their book Visual 
El ectrodi agnostic Testing. We wi 11 be using the protocol in which 
the 1 i ght-adapted ERG is done before the dark-adapted ERG. 
The light-adapted ERG, also called the photopic ERG, is 
performed under moderate room or bowl illumination. Warn the 
patient not to blink. Then flash a high intensity single flash in the 
ganzfeld. Do this one or two times to get a clean response. A 
normal response should look like this. 
The ERG is a quantitative test as well as a qualitative test. 
The shape of the waveform gives important information on the 
patency of the retina. Overall, the photopic ERG is predominantly a 
cone response. It is important to record the background luminance 
when doing the photopk ERG, because it affects the b-wave implicit 
8 
time. Increasing background luminance decreases b-wave implicit 
time . 
Next, do a high intensity flicker (30 flashes per second). 
Usually, only four or five flicker responses are needed to determine 
if the response is normal. A normal response should look like this. 
This is similar to the single flash response we just did except the 
peaks of the responses from the cones are repeated. Again, the 
result is a predominantly cone response because the rods cannot 
recycle fast enough. 
The dark -adapted ERG is also called the scotopic ERG. To do 
the dark-adapted ERG, the patient must be in total darkness for 
appro xi mate 1 y 1 0 minutes. 
Our patient has now been patiently sitting in the dark for about 
10 minutes. His rods have taken over, and he is using scotopic vision 
now. 
The first flash we will give him will be a low intensity flash with a 
blue filter. The results should look like this. 
Next, we'll use a low intensity white flash . This is what we 
expect from a normal healthy eye. Notice how repeatable the b-wave 
is on the left of the screen. 
Last, use a high intensity white flash . These are the ERG 
waveforms expected when comparing low intensity to high intensity 
flashes. Again, notice how repeatable the b-wave is on the left of 
the screen. 
If more than one high intensity flash must be used, allow at 
least 30 seconds to elapse between flashes. Also remember that 
continuous flashing in the dark will light-adapt the retina and 
desensitize it, producing sma 11 er ERG responses. This is the ERG 
we'd expect from a high intensity flash to a dark adapted eye. 
The whole ERG procedure should only take about 30 minutes . 
No patient should ever spend over half an hour with the contact lens 
electrode on their eye. To remove the contact lens electrode, gently 
pull down on the lower lid with your left index finger. With one 
hand, remove the lower flange from inside the lower lid . Always 
remove the lower end of the electrode first. Then, gently pull up the 
upper lid and slide the upper end of the electrode out from 
underneath. 
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Next, remove the electrodes from the patient's ears. Clean the 
electrode and put it in a safe place free from contamination from 
electrode paste . Wipe off the electrode paste thoroughly from the 
patient's ears. Te 11 the patient to wash the area again later on, 
since the paste is very irritating to the skin. If your patient has 
pierced ears, tell them inserting an earring may be helpful in 
cleaning any paste that may have gotten into the holes. 
Biomicroscopy with fluorescein should then be performed 
again on the eye to be sure no corneal damage has been inflicted. 
Some corneal stippling is expected. If there is a lot of stippling, the 
patient should be given artificial tears. Reassure the patient any 
irritation should disappear in about 24 hours, and explain it is 
important they do not rub their eyes in the meantime or serious 
damage may occur. lOP's should also be rechecked, since a mydriatic 
was used. 
Recheck visual acuities --- and release the patient with 
appropriate after-care instructions. 
If a patient has a questionable visual field and an optic tract 
lesion is suspected, an ERG can be performed. A normal ERG will 
therefore help confirm the lesion is in the optic tract rather than 
the retina. In this case the patient would then need neurological 
testing to find the optic tract lesion. On the other hand, an abnormal 
ERG i nd1cates the problem is in the retina. 
The ERG may be performed for a precataract evaluation to see 
if the retina is healthy enough for vision to be possible after 
surgery. If healthy, the ERG response will be normal. 
The ERG records directly from the EYE, rather than the ENTIRE 
VISUAL SYSTEM. For example, a subjective response requires a 
person to first observe a stimulus, interpret it, and then give the 
appropriate response. This requires the use of the entire vi sua 1 
system, and makes the primary defect hard to 1 ocate. By using an 
ERG, only the retina is tested. 
An abnormal ERG can also convey information about the 
1 ocation of the retinal dysfunction. The ERG differentiates the 
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sensory retina into two divisions: the outer layer (photoreceptor 
outer segments) and the inner 1 ayers (bipolar, hori zonta 1, amacrine, 
and Mueller cells). Each of these two divisions generates a separate 
component of the ERG. 
To evaluate the ERG response, the patient's ERG must be 
compared to a normal ERG. This affected patient shows no 
detectab 1 e response in the 1 ight- or dark -adapted retina. This 
represents a very sick or even dead retina. Retinitis pigmentosa is 
the classic disease that produces this response. Other conditions 
that can produce this response are 1) An opthalmic artery occlusion 
2) Chorioretinitis 3) Complete retinal detachment and 4) Drug 
ingestion such as the qui no 1 i nes and phenothi azines. 
This affected patient shows attenuated a- and b- waves in 
both the photopic and scotopic ERG recordings. Attenuated ERGs are 
found in certain varieties of nightblindness, as a result of drug 
to xi city, and in diseases which limit the amount of 1 ight reaching 
the retina. Such diseases would be 1) Some forms of retinitis 
pi gmentosa 2) Congenital stationary night b 1 indness 3) Excessive 
phenothiazine ingestion 4) lncomp 1 ete retina 1 detachments 5) 
Vitreous hemorrhage and 6) Chari oretini tis. 
This affected patient shows a normal a-wave with a reduced 
or absent b-wave in both the photopic and scotopic ERG recordings. 
This pattern results from the destruction of the components of the 
retina that produce them - the bi po 1 ar and/or Muller cells. Such 
diseases include 1) the three forms of congenital stationary 
nightblindness 2) Juvenile retinoschisis 3) some forms of optic 
atrophy and 4) Central retinal artery occlusion. 
This affected patient shows an abnormal photopic ERG with a 
normal scotopic ERG. Notice the inability of the retina in the 
photopic ERG to follow a flickering light. This can result because of 
a some form of cone function loss. Such diseases include 1) Rod 
monochromatism and 2) Progressive cone dystrophys . In addition to 
the usual ERG light stimuli, a red flash presented to the dark adapted 
eye demonstrates the absence of the early cone wavelet and the 
existence of the slower, later wave, showing normal rod activity. 
We hope this video tape has been of value in understanding the 
ERG theory, procedure, and interpretation. Many thanks to the 
following peop 1 e for their help in making this production possible. 
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Diagnostic Guide 1 Extinguished ERG. 
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Diagnostic Guide 2 Reduced ERG a- and b-waves. 
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Diagnostic Guide 3 Normal ERG a-wave and reduced b-wave. 
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Diagnostic Guide 4 Abnormal photopic and normal scotopic ERG. 
